Myocardial infarction is a key component of the burden of cardiovascular disease. The assessment of the incidence and case fatality of myocardial infarction are important determinants of the decline in coronary disease mortality. The change in biomarker used to diagnose myocardial infarction raise a number of methodological, clinical, and public health challenges, which are discussed herein.
Methodology
In contrast to the magnitude of the burden of heart disease, there is no nationally representative surveillance approach for heart disease. The Centers for Disease Control and Prevention conducts nationally representative surveys on hospital discharges, ambulatory medical care, risk factors, and population characteristics, while the Agency for Healthcare Research and Quality collects information on medical expenditures and hospital inpatient samples. Death certificate data are collected by state health departments and gathered by Centers for Disease Control and Prevention, and the Centers for Medicare and Medicaid Services collect data pertaining to Medicare hospital reimbursements. However, these systems are not designed to be linked and thus can only provide a partial assessment of the morbidity and mortality related to heart disease.
Measuring the occurrence of myocardial infarction in diverse populations and settings requires that several conditions be met. These include the availability of a defined population which is indispensable to generate incidence rates and the reliance on a valid definition that actually measures the intended event. This definition should be amenable to standardization to enable reliable data collection and comparisons across studies. Finally, the components of this definition should be relatively immune to temporal changes so that time trends in the occurrence of myocardial infarction can be appraised. Despite their apparent simplicity, these conditions are rarely met. We will review below the commonly used approaches to assess the burden of myocardial infarction along with their respective advantages and disadvantages.
The National Hospital Discharge Survey samples hospital discharges using codes from the International Classification of Disease (ICD), 5 . These are event-based, not person-based, and thus allow for multiple hospitalizations for the same individual to be counted. The diagnoses are not validated using standardized criteria such that myocardial infarction may reflect different entities across hospitals depending on care delivery patterns, themselves depending on insurance coverage, medical practice habits, etc. 6
Further, National Hospital Discharge Survey data do not differentiate between first and subsequent admission for a given condition and thus cannot measure incidence. Finally, documented shifts in hospital discharge diagnoses after the introduction of the DiagnosisRelated Groups payment system hinders the validity of these sources for epidemiology research. 7-9 Thus, while hospital discharge data provide important insights into the burden of disease which is important for resource allocation, policy making and analysis of health care delivery, it cannot provide information on the true epidemiology of myocardial infarction.
Community surveillance can be envisioned as a comprehensive multifaceted approach designed to track heart disease at the community level. It has proven feasible and less costly than a cohort study (Gillum, J Chronic Disease 1978) . Typical indicators tracked in community surveillance of heart disease include deaths, myocardial infarction incidence and outcomes and less frequently heart failure incidence and outcomes. Because it is conducted within a defined population, community surveillance enables measuring attack rates for myocardial infarction and, in some cases, incidence rates. In the absence of a national surveillance system for heart disease, community surveillance is essential to precisely monitor heart disease trends. These programs share a number of common key features. They are retrospective by design and typically rely on dismissal diagnosis using codes of the International Classification of Diseases (ICD) for case finding. Once potential cases are identified, they are subjected to rigorous validation procedures using standardized diagnostic approaches, most often incorporating coding of the electrocardiographic findings with the Minnesota code, 10 which can be accomplished manually or electronically. 11 We will review below the main characteristics of heart disease community surveillance programs.
The Minnesota Heart Survey (MHS) has been monitoring hospitalized MI along with CHD deaths among residents of the Minneapolis-St. Paul metropolitan area since the 1970s. It relies on a standardized definition for myocardial infarction that combines cardiac pain, biomarkers and Minnesota coding of the electrocardiogram 12 and has in place rigorous quality assurance and quality control measures.
The surveillance component of the Atherosclerosis Risk in Communities (ARIC) study was originally designed to evaluate CHD incidence differences by race and by geographic location; however has adequate power to assess trends. 13, 14 ARIC relies on a standardized definition for myocardial infarction that combines cardiac pain, biomarkers and Minnesota coding of the electrocardiogram. Like the Minnesota Heart Survey, ARIC has in place rigorous quality assurance methodology (White) . Initially, ARIC had an upper age limit of 74 years, which has since been extended to include a growing segment of the aging US population.
The Olmsted County Study is conducted under the auspices of the Rochester Epidemiology Project, which has a long standing tradition of monitoring disease occurrence and outcomes of many chronic diseases. 15-17 Heart disease surveillance within the population of Olmsted County examined myocardial infarctions and cardiac deaths since 1979. The study uses standardized epidemiological diagnostic criteria for myocardial infarction similar to those of the ARIC study, including Minnesota coding of the electrocardiogram, and has in place rigorous quality control measures. 18 The Olmsted County Study has no upper age limit and has access to out patient as well as inpatient data, which is essential to evaluate long term outcomes after myocardial infarction given the current shift from in-patient care settings.
The Worcester Heart Attack Study is a multi-hospital community study that focuses on trends in the incidence and mortality of hospitalized MIs in all age groups. 19, 20 It relies on a standardized definition of myocardial infarction combining chest pain, biomarkers and electrocardiogram data without Minnesota coding of the electrocardiogram.
The Framingham Heart Study is a prospective study of cardiovascular disease and its determinants among a sample of residents of the town of Framingham, Massachusetts. As a population based cohort focusing on risk factors for the development of heart disease, it has generated transformational discoveries which shaped the practice of cardiology for more than half a century. Longitudinal trends in disease occurrence and outcomes including myocardial infarction have also been evaluated in the Framingham Heart Study under the auspices of the Framingham Cardiovascular Disease Survey. 21, 22 The Framingham Cardiovascular Disease Survey defined myocardial infarctionas a combination of symptoms, electrocardiographic and enzymes changes.
The Corpus Christi Heart Project was designed to focus on the comparison of disease burden and outcome between Mexican Americans and Whites. 23, 24 To define myocardial infarction, the Corpus Christi Heart Project relied on a standardized definition of myocardial infarction combining cardiac pain, biomarkers and electrocardiogram data with Minnesota coding of the electrocardiogram.
The World Health Organization (WHO) MONICA (Multinational MONItoring of trends and determinants in CArdiovascular disease) Project was established in the early 1980s to monitor trends in cardiovascular diseases and to relate these to risk factor changes. 25 It was set up to explain the diverse trends in cardiovascular disease mortality observed from the 1970s. There were a total of 32 MONICA centers in 21 countries. The population monitored included ten million men and women, age 25-64 years. The diagnosis of myocardial infarction integrates cardiac pain, Minnesota code of the electrocardiograms and biomarker levels (http://www4.ktl.fi/publications/monica/manual). 26, 27 The breadth of populations covered by MONICA is unique and the data exceptionally rich. However, to interpret MONICA data, it is essential to remember that the upper age limit of 64 years does not account for a large segment of the population in which coronary events and myocardial infarctions occur.
FINAMI is a population-based MI registry initiated as part of the FINMONICA study and was originally the Finnish contribution to the MONICA Project. 28 FINAMI evaluates all events compatible with myocardial infarction or coronary heart disease death among residents of several geographical areas in Finland. These areas are mostly urban, and in 1995, there were 82 849 men and 87 360 women age 35-64 years living in the FINAMI areas. The FINAMI registry ensures complete capture and ascertainment of all coronary events and relies on a standardized definition of myocardial infarction combining cardiac pain, biomarkers and electrocardiogram data with Minnesota coding of the electrocardiogram. 29
Finally, myocardial infarction registries are currently active, including, in particular, the National Registry of Myocardial Infarction (NRMI) and the Global Registry of Acute Coronary Events (GRACE). Sponsored by Genentech, Inc. NRMI is a large observational study of acute myocardial infarction (http://www.nrmi.org/nrmi; web site last accessed 09-01-2006). Since 1990, NRMI has collected data on more than 2 million patients in the United States with a central focus on care delivery and short term outcomes. NRMI is a voluntary, industrysponsored registry that cannot measure incidence rates in populations. GRACE is a multinational observational study of management and outcomes of acute coronary syndromes. 30 It uses a cluster design involving sites in the USA, Brazil, Europe, Argentina and Australia.
The diversity of the populations and attending patterns of practice is a unique feature of GRACE, yet like NRMI its main focus is on the delivery of care. As such, these important registries and other smaller similar studies provide essential data for outcomes research, particularly as it relates to health care delivery. However, it cannot by design provide information on incidence rates and cannot measure the true population burden of myocardial infarction and how it may have changed over time.
In summary, several well-established studies conduct surveillance of heart disease using the appropriate methodology within defined populations to provide data on the epidemiology of myocardial infarction. These studies have included myocardial infarction as one of their central measures and use well-validated criteria anchored within solid quality assurance that rely on 3 central elements cardiac pain, electrocardiographic analysis and biomarker changes. Each of the aforementioned surveillance programs has a slightly different appraisal of this important public health problem and thus provides complementary information. It is important to emphasize that, while some studies such as ARIC and Corpus Christ Heart Study have been designed to enable analysis of diverse ethnic groups, others have more limited ethnic diversity. As no study by itself could ever be representative of all ethnic groups, this further supports the need for a national surveillance approach for myocardial infarction and coronary disease, which is currently lacking. The lack of a national surveillance approach hinders the understanding of heart disease and reduces the ability to accurately treat it and prevent it.
Incidence of myocardial infarction
Selected results pertaining to the incidence of myocardial infarction and how it changed over time are presented in Table 1 . These results call for several comments.
In the ARIC 31 study, no overall change was detected in the incidence of hospitalized myocardial infarction between 1987 and 1994. There were divergences in the trends by race and sex with an alarming increase in myocardial infarction among black women. In the Minnesota Heart Survey, between 1985 and 1995, the rates of hospitalization for acute myocardial infarction declined. 32, 33 In both MHS and ARIC, published data do not include persons older than age 74 and is thus not accounting for a growing segment of the population.
In the Worcester Heart Attack Study, analyses spanning a 20-year period until 1995 indicated qualitatively flat trends in incidence from the mid 1980s to the mid 1990s. 34 The trends between 1975-88 underscored the importance of examining age and sex-specific patterns in addition to overall rates. Indeed, larger declines in myocardial infarction incidence were noted among elderly individuals along with an increase in incidence among some but not all age groups in women.
In Olmsted County, there was little change in the incidence of hospitalized myocardial infarction between 1979 and 1998. However, important age and sex-specific patterns were noted as trends diverged with an increase in myocardial infarction incidence in women and the elderly. 35, 36 It is important to underscore that in the Olmsted County Study, like in the Worcester Heart Attack Study, the absence of an upper age limit enables the detection of age and sex-specific disease patterns that denote a shift in the burden of myocardial infarction towards women and the elderly. These findings have important clinical and public health implications.
Data from the Framingham Heart Study, which pertain to earlier time periods since the inception of the cohort, indicated that the incidence of myocardial infarction and other manifestations of coronary disease declined over a twenty year period starting in the 1950's. 37
The Corpus Christi Study reported important data comparing and contrasting the incidence of myocardial infarction in Mexican American and non-Hispanic White men and women indicating that the incidence of myocardial infarction was greater among Mexican Americans than non-Hispanic Whites for both men and women. 24 The diversity of the populations included in MONICA precludes summarizing its rich data in one aggregate measure amenable to inclusion in Table 1 . MONICA reported seminal data illustrating a wide variation in the incidence of myocardial infarction and other coronary events across populations. 26, 27 Case fatality rate after myocardial infarction Selected results pertaining to the case fatality rate after myocardial infarction and how it changed over time are presented in Table 2 . Several points should be underscored to enable appropriate interpretation of these results. Firstly, the ARIC and MHS studies do not reflect the disproportionate burden of death after myocardial infarction that occurs in the elderly because their published results do not include persons above age 74. Secondly, the Worcester Heart Attack Study has reported on in-hospital mortality, which is problematic over the 20-year time span of their study given the marked reduction on the duration in hospital stay that occurred during that time period. Thus, 28-day case fatality is a better metric to appraise the change in mortality after acute MI within the context of changing practice in hospitalization duration. These important considerations notwithstanding, all studies have reported a favorable decline in early mortality after acute myocardial infarction among younger individuals with a persistently high case fatality rate among the elderly. The mortality of acute myocardial infarction in community surveillance studies remains high and is consistently higher than that reported in clinical trials, reflective of the bias ensuing from the rigorous selection process necessary for the internal validity of clinical trials. 38 While clinical trials are the only valid approach to test the efficacy of a novel treatment, the data from community surveillance reflect the effectiveness of these new treatments once implemented in clinical practice, thereby underscoring how complementary the two approaches are.
Severity of myocardial infarction
Epidemiological studies offer the possibility of examining whether the severity of acute myocardial infarction differs according to time, place and persons. Some of the aforementioned surveillance programs have primarily evaluated if the severity of myocardial infarction declined over time.
While epidemiology studies constitute the only environment where this question can be addressed given the need for a reference population as well as for rigorous definition and criteria, evaluating the severity of myocardial infarction is challenging for multiple reasons. 39 Firstly, the time between the onset of symptoms and the presentation to medical care can affect each indicator of severity (Killip class, biomarkers, electrocardiographic findings), such that time trends in time to presentation can affect any association between time and infarction severity. Secondly, some indicators can be affected by treatment. While Killip class and STsegment elevation reflect the characteristics of the infarction during the first twenty-four hours and are unlikely to be affected by treatment, peak CK and Q-waves conversely may be impacted by treatment, particularly reperfusion. Thirdly, the interpretation of the changes in Killip class requires knowledge in the trends in out-of-hospital coronary disease deaths, since a decline in such deaths may result in larger numbers of persons admitted to the hospital who would have died out of hospital. This, in turn, may impact the relationship between Killip class and time by modifying the case mix of hospitalized infarctions. Finally, accurate determination of the severity of infarction through biomarker measurement will be affected by the timing and frequency of the biomarker measurements such that the recorded values may not accurately reflect the true peak.
Overall, among studies that included all age groups, the frequency of cardiogenic shock declined some over time although the magnitude of the decline was attenuated after age adjustment. [40] [41] [42] The frequency of ST-segment elevation at presentation and the occurrence of Q waves decreased over time in the Olmsted County Study 40, 41 while in the ARIC study, the frequency of these indicators increased (ST segment elevation) or remained stable (Q-waves). 43 It is conceivable that differences in age distributions between studies contribute to this discrepancy. Notwithstanding these possible explanations, these findings underscore the importance of continuous monitoring of such trends across time and age groups.
Peak CK values declined in the ARIC and in the Olmsted County studies 43, 44 These are influenced by reperfusion therapy, the use of which increased during the surveillance period for both studies. However, the decline in peak CK was observed among all patients in Olmsted County irrespective of reperfusion therapy, such that it can be viewed as a pertinent indicator of MI severity 44
Altogether, within the methodological caveats mentioned above, the data from published studies converge to suggest a decline in the severity of myocardial infarction over time.
The new definition of myocardial infarction
In 2000, the American College of Cardiology and the European Society of Cardiology published a consensus document redefining myocardial infarction. 45 The new definition combined rise and fall of biochemical markers of myocardial necrosis with any of the following conditions: ischemic symptoms, ECG changes, and coronary intervention. The recommended biochemical markers are the troponins (T or I), which have gradually replaced CK and CK-MB in clinical practice since the mid 1990s. These changes stem largely from reports on the prognostic value of troponin indicating that troponin provided prognostic information incremental to previously available clinical factors. [46] [47] [48] Troponin is more specific than CK/CK-MB for the diagnosis of myocardial infarction in the setting of associated skeletal muscle damage or injury including surgery. Of critical importance to clinicians and epidemiologists, the troponins have higher sensitivity which allows for the detection of very small amounts of myocardial necrosis, which would have gone undetected by CK-MB. Proponents of the new definition recognized that the change in myocardial infarction criteria, particularly as they rely highly on more sensitive biochemical markers, "will confuse efforts to follow trends in disease rates and outcomes." 45 The implications of changing the criteria for the diagnosis of MI, however, reach far beyond their impact on the study of the epidemiology of myocardial infarction and the discontinuity in the trends that this change will unavoidably introduce. Indeed, the new definition can be expected to increase the number of myocardial infarctions and shift the clinical spectrum of the disease. For example, patients previously diagnosed with unstable angina will now be classified as myocardial infarction because of detectable troponin levels despite normal CK-MB. Altogether, the new criteria generated considerable controversy on their appropriateness and their degree of reliance on troponin. [49] [50] [51] [52] [53] [54] The controversy notwithstanding, because of the profound consequences of a diagnosis of myocardial infarction on patient care, disease trends and utilization of health care resources, it is of critical importance for clinicians and public health to critically evaluate the impact of the new criteria on incidence, case mix and outcome. Anticipating these concerns, the proponents of the new definition had recommended that the established definition of MI be "retained by specific epidemiological centers". This recommendation is challenging, however, for most surveillance programs which rely on multiple hospitals and health care systems for case finding. Indeed, unless CK-MB and cardiac troponins are measured simultaneously in the same patients in a population-based setting, the shifts in incidence, case mix and outcomes resulting from the change in criteria cannot be accurately measured. The simultaneous measurements of the two biomarkers and the determination of the impact of the changes in myocardial infarction diagnosis require active surveillance with an approach that apply simultaneously the creatine kinase and troponin-based criteria to all patients with acute coronary syndrome in a given population, irrespective of the clinical practice patterns. The enunciation of these prerequisites underscores the complexity of designing such as study.
Studies that examined the impact of troponin on the diagnosis of myocardial infarction used mostly convenience samples from case series and often single values of troponin. 15, 55-58 All documented increases in the number of myocardial infarctions, but the estimates of the magnitude of the increase varied widely from 23% 15, 59 to 195%. 57 The interpretation of these data is quite complex as the type of biomarker (troponin T versus I), the assays and cutpoints differed across studies as did the reference criteria used. These important methodological limitations 11, 60-62 hinder the inference from these data. Finally, all studies used single values of troponin and thus did not evaluate the increment in the number of infarctions related to rise and fall in troponin values, the recommended approach in the new definition. 63
In the FINAMI study, 64 the impact of troponin was addressed by examining the trends in coronary disease events in Finland over a decade (1993 to 2002). Among persons age 35 to 74 years, the incidence of the first coronary event declined by 2% per year in men and 1% per year in women. The decline was statistically significant in men but not in women. Among persons age 75 or greater, the incidence of first coronary events did not change. The authors applied coefficients derived from a large number of infarctions with simultaneous determination of troponin and enzymatic markers to correct for the use of troponin. Correcting for the effect of troponin resulted in unmasking a larger decline in the incidence of first coronary events in both sexes and all age groups. These key findings thus directly validate the concern stemming from the redefinition of myocardial infarction by documenting that the change in the biomarker indeed "confuses" the interpretation of temporal trends in coronary disease (Alpert) .
In the Olmsted County Study, active (otherwise termed prospective) surveillance was implemented to examine the impact of the redefinition of myocardial infarction in the community. 65 The data demonstrates that the prospective and rigorous application of the new criteria relying on dynamic changes in troponin values results in a 68% increase in the number of infarctions compared to the number of infarctions that would have been detected using previous used criteria relying on the biomarkers creatine kinase and its MB fraction. The use of single troponin values provides different results than the criteria relying on rise and fall. The increments in the number of infarctions, importantly, are always large even with conservative cut-points and likely to increase as limits of normal of the troponin assays are lowered. Further, this study also underscored the frequency of potentially spurious elevation of troponin 58, 66 in clinical practice. 65
Interpretation of the changes in the epidemiology of myocardial infarction
Studying the trends in the incidence and outcome of myocardial infarction and of coronary disease mortality provides crucial insights into the determinants of heart disease which is essential to its treatment and prevention. For example, a decline in coronary mortality with stable incidence trends most likely reflects the impact of secondary prevention and medical care, whereas declining incidence of disease would point to primary prevention as the main driver of mortality trends. Within this framework, it is important to recognize that the trends in the incidence and outcome of coronary disease are complex, likely multifactorial and evolve over time.
Altogether, from the early to mid 1980s until the mid to late 1990s within the context of a decline in coronary disease mortality, the incidence of myocardial infarction declined little (even increased in certain groups) while case fatality improved. This suggests that medical care played a major role in the genesis of the decline of coronary deaths. This observation resonates with the dramatic changes in the treatment of acute coronary disease that has marked this time period and suggests that the changes in treatment approaches have been translated to the community resulting in important survival benefits. During this time period, by contrast, the impact of primary prevention as measured by the incidence of myocardial infarction appears more modest, contrasting with its impact in earlier years marked by a reduction in the incidence of myocardial infarction. 37 This demonstrates that the determinants of coronary mortality are multifactorial and that the respective responsibilities of changing incidence and reduced fatalities change over time. Thus, as the respective role of these two theoretical determinants varies across person, time and place, continued surveillance is essential to detect changes in the trends and their determinants and to evaluate the effectiveness of clinical and public health strategies to combat coronary disease. 31, 67, 68
Epidemiology and clinical practice
As discussed above, traditional studies of the epidemiology of myocardial infarction have focused on infarction and have seldom reported on the clinical entity of acute coronary syndromes, with or without biomarker elevation. Part of the reason for this resides in the need for a standardized definition in epidemiology and the relative ease of standardizing the definition of myocardial infarction, contrasting with the more challenging task of defining acute coronary syndromes from an epidemiological point of view particularly in forms without biomarker elevation and with transient or absent electrocardiographic changes. Thus, over the years, epidemiological studies did not account for a large segment of the burden of non-fatal coronary disease, namely acute coronary syndromes, that do not meet validated infarction criteria. The redefinition of myocardial infarction has underscored this important issue, thereby challenging epidemiologists to incorporate acute coronary syndromes in the surveillance of coronary disease. Indeed, studies that have evaluated the implications of the redefinition of myocardial infarctions illustrate that reliance on one biomarker or the other will alter the categorization between types of acute coronary syndromes. 64, 65 Advocates of the widespread use of troponin have argued that acute coronary syndromes represent a continuum of disease, a concept quite familiar to clinicians, and that any increase in cardiac biomarkers have prognostic implications. However, while the implications of the shift across types of acute coronary syndromes may arguably be rather modest from a clinical and pathophysiological point of view, the consequences of a diagnosis of myocardial infarction for employment, health insurance, evaluation of health care delivery, epidemiology and public health are enormous.
For this reason, operational definitions of acute coronary syndromes have been proposed that include a purposeful effort to categorize such events while also specifically identifying myocardial infarctions that would have met criteria using the previous enzymatic biomarkers. 69 This approach would enable health care providers to relate the newly defined myocardial infarctions to the previous classification. 69 Thus, as the new myocardial infarction criteria generate continued reflection and discussion, more data on their clinical and epidemiological implications are clearly needed. This underscores the need to broaden the approach to coronary disease surveillance to include acute coronary syndromes rather than focusing primarily on myocardial infarction as traditionally defined. This is critical to understanding the trends that will be measured over the next decade marked by the change in biomarkers and to accurately evaluate the burden of heart disease. In-hospital deaths * Numbers are age-adjusted and pertain to the first year of the study period.
